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(54) PRESS AND PRESSING METHOD FOR DEEP DRAWING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a press for deep 
drawing capable of improving the productivity of an 
excellent formed body. 

SOLUTION; The drawing speed of a punch is feedback- 
controlled based on a means for storing the basic data 
for fuzzy control as the database including an ideal 
working curve 200 which is obtained by performing the 
analysis to indicate the relationship between the 
retraction r of a blank 20 and the punch stroke S, and an 
evaluation function for relating the relationship between 
the actually obtained retraction of the blank and the 
punch stroke to the difference &phiv;between the actual 
working curve and the ideal working curve. An evaluation 
function which acquires the relationship between the 
actually measured retraction of the blank during the 
actual working and the punch stroke, identifies the basic 
data for fuzzy control adaptable to the blank from the 
database, obtains the actual time evaluation data related 
to the difference between the ideal working curve and 

the actual measurement data, and is included in the basic data identified to be the obtained 
actual time evaluation data. 
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* NOTICES * 

OPQ and INP1T are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] * 

[Claim 1]In a press machine for deep drawing which makes punch speed change and carries out 
deep drawing of the machining object fixed with a die and a blank holder, Data of an ideal 
processing curve analyzed and called for so that correlation with the amount of drawing in of a 
machining object and a punch stroke may be expressed, Valuation function data obtained from a 
valuation function related with a deviation of a survey processing curve showing correlation with 
the amount of drawing in of a machining object and a punch stroke which are called for by 
survey, and said ideal processing curve, A means of processing conditions related with 
classification and classification of a machining object in basic data for ****** fuzzy control to 
memorize as a database for one of every items at least, While acquiring a relation of the amount 
of drawing in of a machining object and a punch stroke which were surveyed at the time of real 
working, Basic data for fuzzy control which suits the above-mentioned item of a machining 
object from the above-mentioned database is specified, It asks for actual time evaluation data 
related with a deviation of data of an ideal processing curve contained in specified basic data, 
and said data measuring, A control means which carries out feedback control of the diaphragm 
speed of the above-mentioned punch based on actual time evaluation data for which it asked, 
and valuation function data contained in specified basic data, ****** — a press machine for 
deep drawing characterized by things. 

[Claim 2]In Claim 1, said basic data for fuzzy control, It is put in a database for every 
classification of a machining object, and processing conditions, and said control means, A press 
machine for deep drawing specifying basic data for fuzzy control which suits classification and 
processing conditions of a machining object from the above-mentioned database, and performing 
feedback control for diaphragm speed of the above-mentioned punch. 

[Claim 3]A press machine for deep drawing, wherein said feedback control is performed by fuzzy 
reasoning in Claim 1 and either of 2 in accordance with a fuzzy rule of inference created based 
on said valuation function. 

[Claim 4]In either of the Claims 1~3, data of said valuation function, The 1st valuation function 
data obtained from the 1st valuation function showing a deviation of said survey processing 
curve and said ideal processing curve. The 2nd valuation function data obtained from the 2nd 
valuation function acquired by differentiating said 1st valuation function is included, A press 
machine for deep drawing, wherein said feedback control is performed by fuzzy reasoning in 
accordance with a fuzzy rule of inference created based on the said 1st and 2nd valuation 
function data. 

[Claim 5]A press machine for deep drawing, wherein said feedback control is performed by fuzzy 
reasoning in either of the Claims 1-4 in accordance with a fuzzy rule of inference created based 
on the said 1st and 2nd valuation function data and a membership function using these. 
[Claim 6]A press machine for deep drawing, wherein said ideal processing curve is called for by 
finite element analysis based on predetermined setups in either of the Claims 1-5. 
[Claim 7]A deep drawing method characterized by comprising the following using a press machine 
which makes punch speed change and carries out deep drawing of the machining object fixed 
with a die and a blank holder. 
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Data of an ideal processing curve analyzed and called for so that correlation with the amount of 
drawing in of a machining object and a punch stroke may be expressed- 

Valuation function data obtained from a valuation function related with a deviation of a survey 
processing curve showing correlation with the amount of drawing in of a machining object and a 
punch stroke which are called for by survey, and said ideal processing curve. 

[Claim 8]In Claim 7, said basic data for fuzzy control, A deep drawing method being put in a 
database for every classification of a machining object and processing conditions, specifying 
basic data for fuzzy control which suits classification and processing conditions of a machining 
object from the above-mentioned database, and performing feedback control for diaphragm 
speed of the above-mentioned punch. 

[Claim 9]A deep drawing method, wherein said feedback control is performed by fuzzy reasoning 
in Claim 7 and either of 8 in accordance with a fuzzy rule of inference created based on said 
valuation function. 

[Claim 10]In either of the Claims 7-9, said valuation function, The 1st valuation function data 

obtained from the 1st valuation function showing a deviation of said survey processing curve and 

said ideal processing curve, The 2nd valuation function data obtained from the 2nd valuation 

function acquired by differentiating said 1st valuation function is included, A deep drawing 

method, wherein said feedback control is performed by fuzzy reasoning in accordance with a 

fuzzy rule of inference created based on the said 1st and 2nd valuation function data. 

[Claim 11]A deep drawing method, wherein said feedback control is performed by fuzzy reasoning 

in either of the Claims 7-10 in accordance with a fuzzy rule of inference created based on the 

said 1st and 2nd valuation function data and a membership function using these. 

[Claim 12]A deep drawing method, wherein said ideal processing curve is called for by finite 

element analysis based on predetermined setups in either of the Claims 7-1 1. 



[Translation done.] 
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* NOTICES * 

JPO and 1NPIT are not responsible for any 
damages caused by the u«e of thi a translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Thi$ invention relates to the press machine and method for deep drawing 
of carrying out deep drawing of the machining object fixed with the die and the blank holder. 
[0002] 

Background Art and Problem(s) to be Solved by the lnvention]The blank which is a machining 
object as a deep drawing method [ former ] using a press machine. The technique of fabricating 
a blank to cylindrical shape, for example is known by descending and raising a punch, fixing (for 
example, a tabular aluminum material) with the die and blank holder of a press machine, and 
giving blank holder power to a blank holder. 

[0003]When performing such deep drawing, in order to improve the productivity, it is necessary 
to make punch speed of a press machine quick but, and if punch speed is raised, the possibility 
of generating of a fracture of a machining object will increase and the problem that processing 
becomes difficult will occur, 

[0004]Therefore, in the conventional deep drawing, since that a fracture does not occur was 
performing press working of sheet metal in the guaranteed speed range, when improving 
productivity, there was a limit. 

[0005]Although punch speed was made to change and examination of the technique which 
carries out deep drawing was also performed, In this kind of conventional technique, since a risk 
of a fracture occurring avoided the conditions theoretically considered to be high and was 
carrying out variable control of the punch speed, the operation for speed control became 
complicated and, moreover, there was a problem that the productivity of mold goods could not 
be improved more. 

[0006]This invention is made in view of such SUBJECT, and the purpose is to provide the press 
machine and method for deep drawing of improving the productivity of good mold goods. 
[0007] 

[Means for solving problem](1) In order to attain said purpose, this invention equips with the 
following the press machine for deep drawing which makes punch speed change and carries out 
deep drawing of the machining object fixed with the die and the blank holder. 
Data of an ideal processing curve analyzed and called for so that correlation with the amount of 
drawing in of a machining object and a punch stroke may be expressed. 

Valuation function data obtained from the valuation function related with the deviation of the 
survey processing curve showing correlation with the amount of drawing in of a machining object 
and punch stroke which are called for by survey, and said ideal processing curve. 
A means of the processing conditions related with the classification and classification of a 
machining object in the included basic data for fuzzy control to memorize as a database for one 
of every items at least, While acquiring the relation of the amount of drawing in of a machining 
object and punch stroke which were surveyed at the time of real working, The basic data for 
fuzzy control which suits the above-mentioned Item of a machining object from the above- 
mentioned database is specified, The control means which asks for the actual time evaluation 
data related with the deviation of the data of the ideal processing curve contained in the 



http:/Avw4.ipdl.inpit.go^ 201 1/04/13 

04/13/2011 WED 16:36 [TX/RX NO 7144] gj 0 1 1 



04/13/2011 16:29 FAX 212 953 7201 DORSEV & WHITNEY THREE 

JP,2002~263742,A [DETAILED DESCRIPTION] 



©012/073 

2/10^— i/ 



specified basic data, and said data measuring, and carries out feedback control of the diaphragm 
speed of the above-mentioned punch based on the actual time evaluation data for which it 
asked, and the valuation function data contained in the specified basic data, 

[0008]In the deep drawing method using the press machine with which the deep drawing method 
of this invention makes punch speed change, and carries out deep drawing of the machining 
object fixed with the die and the blank holder, The data of an ideal processing curve analyzed 
and called for so that correlation with the amount of drawing in of a machining object and a 
punch stroke may be expressed, The valuation function data obtained from the valuation function 
related with the deviation of the survey processing curve showing correlation with the amount of 
drawing in of a machining object and punch stroke which are called for by survey, and said ideal 
processing curve. The basic data for ****** fuzzy control is remembered as a database that 
there are few processing conditions related with the classification and classification of a 
machining object for one of every items, While acquiring the relation of the amount of drawing in 
of a machining object and punch stroke which were surveyed at the time of real working, The 
basic data for fuzzy control which suits the item of a machining object from the above- 
mentioned database is specified, Ask for the actual time evaluation data related with the 
deviation of the data of the ideal processing curve contained in the specified basic data, and said 
data measuring, and based on the actual time evaluation data for which it asked, and the 
valuation function data contained in the specified basic data, Feedback control of the diaphragm 
speed of the above-mentioned punch is carried out, 

[0009]A program for deep drawing to which this invention is applied, Data of an ideal processing 
curve analyzed and called for so that correlation with the amount of drawing in of a machining 
object and a punch stroke may be expressed. Valuation function data obtained from a valuation 
function related with a deviation of a survey processing curve showing correlation with the 
amount of drawing in of a machining object and a punch stroke which are called for by survey, 
and said ideal processing curve, Basic data for ****** fuzzy control based on data of a database 
of processing conditions related with classification and classification of a machining object built 
for one of every items at least, . Make a computer control a press machine to make punch speed 
change and to carry out deep drawing of the machining object fixed with a die and a blank holder. 
While acquiring a relation of the amount of drawing in of a machining object and a punch stroke 
which are the programs which can be read and were surveyed by said computer at the time of 
real working, It asks for actual time evaluation data which related basic data for fuzzy control 
which suits an item of a machining object from the above-mentioned database with a deviation 
of data of an ideal processing curve which specifies and is contained in specified basic data, and 
said data measuring, Based on actual time evaluation data for which it asked, and valuation 
function data contained in specified basic data, a control means which carries out feedback 
control of the diaphragm speed of the above-mentioned punch is realized. 

[0010]As for said program, it is preferred to memorize to the storage in which computer reading 
i6 possible. 

[O0H]As for a machining object, in here, the classification is specified by material and other 
classification conditions, for example. 

[0012]As said processing conditions, there are conditions of the board thickness of material, a 
size, working temperature, lubricant, blank holder power, tool shape, and others, etc., for example, 

[0013]According to this invention, it asks beforehand for the basic data for fuzzy control that 
there are few processing conditions related with the classification and classification of a 
machining object for one of every items, and this is memorized as a database. 
[0014]Said basic data for fuzzy control is constituted including the data and valuation function 
data of an ideal processing curve. 

[0015]An ideal processing curve is called for here by the finite element analysis based on 
predetermined setups (for example, board thickness unchangeably, volume regularity, etc.), for 
example, and correlation with the amount of drawing in of a machining object and a punch stroke 
is expressed. 
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[001 6] A survey processing curve is called for by survey and expresses correlation with the 
amount of drawing in of a machining object, and a punch stroke. For example, punch speed is 
made into a parameter, and if it asks for two or more survey processing curves, gathering 
gradually the speed which is a parameter, when it becomes upper limit with speed, before 
processing of a machining object is completed, a fracture will occur in a machining object. In this 
invention, the survey processing curve obtained considering the speed at this time as a 
parameter may be used as a survey processing curve here. 

[001 7]A valuation function for fuzzy control is used as a valuation function about a fracture, and, 
specifically, is searched for as a function related with a deviation of said survey processing curve 
and an ideal processing curve. Valuation function data is called for as the minimum and the 
maximum of a valuation function, for example. 

[0018]And in this invention, when actually processing a machining object, a sensor etc. are used, 
relation between the amount of drawing in of a machining object and a punch stroke is measured 
in real time, and this measurement data is acquired. 

[0019]And from said database, basic data for fuzzy control which suits an item of a machining 
object is specified, and feedback control of the punch speed is carried out using specified basic 
data for fuzzy control, and said data measuring. 

[0020]lt asks for actual time evaluation data related with a deviation of data of an ideal 
processing curve specifically contained in specified basic data, and surveyed data in real time. 
[002l]And based on actual time evaluation data for which it asked, and said valuation function 
included in basic data for fuzzy control, feedback control of the diaphragm speed of a punch is 
carried out 

[0022]When carrying out deep drawing of the machining object by adopting the above 
composition according to this invention, Without making a machining object fracture, feedback 
control of the punch speed can be carried out to the optimal speed so that the productivity may 
be improved, and it becomes possible to realize deep drawing which improved the productivity of 
good mold goods, 

[0023]Since the feedback control of the diaphragm speed of a punch can be especially carried 
out to the optimal speed doubled with the processing conditions except the diaphragm speed of 
the punch which was related with the classification of a machining object, and classification, and 
which was mentioned above according to this invention. It becomes possible to realize deep 
drawing using the press machine which can improve the productivity of good mold goods, without 
being influenced by a worker's level of skill etc. 

[0024](2) In this invention said basic data for fuzzy control, It is put in a database for every 
classification of a machining object, and processing conditions, said control means specifies the 
basic data for fuzzy control which suits the classification and processing conditions of a 
machihing object from the above-mentioned database, and feedback control is performed for the 
diaphragm speed of the above-mentioned punch. 

[0025]Thus, by putting the basic data for fuzzy control in a database in the classification of a 
machining object and every processing conditions (except for the diaphragm speed of a punch), 
Even when the classification of a machining object differs, and even when the processing 
conditions differ, the optimal fuzzy control basic data can be chosen and feedback control of the 
diaphragm speed of a punch can be carried out to the optimal speed doubled with the 
classification concerned and processing conditions. 

[0026]ln particular, according to this invention, when performing a various kind and low 
production, it becomes possible to produce these products efficiently, without spoiling the 
quality. 

[0027](3) In this invention, said feedback control is performed by fuzzy reasoning in accordance 
with a fuzzy rule of inference created based on said valuation function data. 
[0028]As the technique of feedback control performed by such fuzzy reasoning, various kinds of 
techniques are employable if needed. 

[0029]For example, as one of such the techniques said valuation function data, The 1st valuation 
function data obtained from the 1st valuation function showing a deviation of said survey 
processing curve and said ideaf processing curve, The 2nd valuation function data obtained from 
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the 2nd valuation function acquired by differentiating said 1st valuation function is included, A 
technique, wherein said feedback control is performed by fuzzy reasoning in accordance with a 
fuzzy rule of inference created based on the said 1st and 2nd valuation function data may be 
adopted- The minimum of the 1st and 2nd valuation function and the maximum may be used as 
1st and 2nd valuation function data here, for example, 

[0030]How said feedback control is performed by fuzzy reasoning in accordance with a fuzzy rule 
of inference created based on the said 1st and 2nd valuation function data and a membership 
function using these may be adopted. 
[0031] 

[Mode for carrying out the invention]|Mext, an embodiment of the invention is described in detail 
based on Drawings. 

[0032](1) An outline of a press machine for deep drawing concerning this embodiment is shown 
in the schematic view 1 of a press machine. A press machine of this embodiment forms a 
container of bottoming using the blank 20 which is the machining object formed in tabular, and, 
specifically, is constituted including the die 10 which has the predetermined die hole 12, and the 
punch 14. 

[0033]And holding fixing of said blank 20 is carried out by the desired blank holder power H on 
the die 10 with the blank holder 30. 

[0034]ln this state, as shown in drawing 1_ (A), (B), and (C), by descending the punch 14 at the 
given diaphragm speed V, along with form of the die hole 12, deep drawing of the blank 20 is 
carried out to cup form, and mold goods which carried out cup form are generated. 
[0035]If the diaphragm speed V of the punch 14 is low at this time, productive efficiency of mold 
goods will become low. For this reason, it is preferred to set up the diaphragm speed V of the 
punch 14 as highly as po66ible within limits which a fracture does not generate in the blank 20 in 
the middle of processing, 

[0036]At the time of actual processing of the blank 20, the feature of this embodiment carries 
out real-time measurement of the amount r of drawing in and the punch stroke S of the blank 
20, and there is in carrying out feedback control of the diaphragm speed V of the punch 14 using 
the technique of fuzzy reasoning based on this measured value. 

[0037]By this embodiment, beforehand especially for every kind of blank 20, and processing 
conditions. Create basic data for fuzzy control, and this is put in a database and memorized, 
According to a kind and processing conditions of the blank 20 which are actually processed, 
optimal basic data for fuzzy control is read, and without making the blank 20 generate a fracture 
using this, composition which carries out feedback control of the diaphragm speed V of a punch 
is adopted so that deep drawing may be realized efficiently. 

[0038]A comparative example of the speed-control characteristic of a press machine concerning 
this embodiment and the speed-control characteristic of a press machine using the conventional 
technique is shown in drawing 3 . 

[0039]ln the figure, a horizontal axis draws the grade of advance of the spinning of the blank 20. 
expresses it as a function of the quantity r, and specifically, As shown in drawing 4 (A), the ratio 
of the amount r of drawing in of the blank 20 from a spinning start and the radius Rp of the 
punch 14 was defined as deltaDR*=r/Rp, and the value is indicated. 

[0040] A vertical axis expresses the spinning speed V of the punch 14 corresponding to deltaDR* 

[0041] Among a figure, the field surrounded with the alternate long and short dash line shown by 
100 expresses the area where the danger that a fracture will occur to the blank 20 is high at the 
time of the spinning to the blank 20, and this is called fracture marginal area on analysis, 
[0042]The punch speed V is set up in the technique of seting the conventional punch diaphragm 
speed V constant to indicate that the fracture marginal area 100 on this analysis is avoided in 
[ 1 10a ] a figure- That is, the punch speed V is set as the upper limit which avoided this marginal 
area 100, and it considers so that the productive efficiency of a work may be raised. 
[0043]If the punch speed V is set to the value more than this upper limit 110a f for example, a 
value as shown in [ 1 10b ] a figure, in the part shown by intermediate x seal in a figure at the 
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time of spinning, a fracture will occur in the blank 20 under processing. 

[0044]On the other hand, in [ if feedback control of the punch speed using the technique of the 
fuzzy reasoning of this embodiment is performed ] the origin of the same processing conditions 
to the same blank 20, Even when variable control of the diaphragm speed V of a punch was able 
to be carried out as shown in 120 in a figure, and the punch speed V moreover took the value in 
the fracture marginal area 100 on analysis in this way, it was checked that spinning shaping is 
possible good without making the blank 20 actually fracture. 

[0045][ thus, / in the fracture marginal area 100 on the analysis which according to the 
technique of this embodiment had to be avoided in order to avoid the fracture under spinning of 
the blank 20 conventionally ], By carrying out feedback variable control using the technique of 
the fuzzy reasoning which mentions the punch speed V later. It becomes possible to raise the 
productive efficiency, maintaining [ having checked that the blank 20 could be produced 
efficiently and good, therefore ] the quality of a pressed part according to this embodiment 
without generating a fracture. 

[0046]ln particular, in the technique of this embodiment, even when producing a wide variety of a 
pressed part in limited amounts, high productive efficiency can realize this limited production 
with a wide variety by using the basic data for fuzzy control which suited the classification and 
processing conditions of the blank 20 to be used, maintaining quality. 

[0047](2) Explain the principle for the fuzzy control of this embodiment below to the principle for 
the fuzzy control of this embodiment 

[0048]Changing the classification and processing conditions of the blank 20 which are a 
machining ofcyect first. It ask6 for the basic data for fuzzy control for every classification of a 
machining object, and processing conditions, and the technique of putting this in a database is 
explained, next this database is used and the technique of actually carrying out processing 
shaping of the machining object is explained. 

[0049](Construction of a database) For every classification of the blank 20 which is a machining 
object, spinning control of the blank 20 concerned is carried out by those processing conditions, 
and the basic data for fuzzy control is generated using the technique of the data obtained at this 
time, and finite element analysis. The classification and processing conditions of the blank 20 are 
changed, generation of such basic data for fuzzy control is performed repeatedly, and this is put 
in a database. 

[0050]The 1st step of the board thickness and volume are first assumed to be fixed to the blank 
20 of the target classification. And it asks for the ideal processing curve 200 shown in drawing 5 
(A) using the technique of finite element analysis (FEN) by making parameter deltaDR* and the 
punch stroke S to the inflow r from a flange end of the blank 20 at the time of deep drawing into 
a variable. 

[005l]Here, deltaDR* is the parameter which formed inflow (the amount of drawing in) r from a 
flange end of the blank 20 into theHess dimension by radius R p of the punch 14, as shown in 

drawing 4 (A). 

[0052]As shown in the 2nd step, next drawing 4 (B), drawing processing of the blank 20 is 
actually carried out at the fixed punch speed V, and it asks for the survey processing curve 210 
showing correlation with deltaDR* at this time, and the punch stroke S. This survey processing 
curve 210 is the data measuring showing a relation of deltaDR* and the punch stroke S at the 
time of fixing punch speed V and carrying out deep drawing. This survey processing curve 210 
asks for two or more speeds V as a parameter. 

[0053]The more it makes punch speed V high, the more a survey processing curve separates 
from the ideal processing curve 200 so that it may express with 210a, 210b, 210c, and 21 Od 
[0054]ln drawing 4 (B), 270 expresses an area where a risk of a fracture occurring in the blank 
20 at the time of spinning of the blank 20 is high. Therefore, by making punch speed V into a 
parameter, if the speed V which is this parameter is gathered gradually and it asks for the survey 
processing curve 210, when it will reach upper limit with the spinning speed V, before processing 
shaping is completed, a fracture occurs in the blank 20. The survey processing curve 210 
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obtained considering the speed V at this time as a parameter is used as the survey processing 
curve 230 for searching for the 1st valuation function phi, as shown in drawing 5 (A). 
[0055]As shown in 3rd step drawing 5 (A), it asks for the deviation phi of the ideal processing 
curve 200 for which it asked in said 1st step, and the survey processing curve 230 for which it 
asked in the 2nd step as the 1st valuation function phi that shows the danger of a fracture. 
[0056]And when the minimum of this valuation function phi is calculated as phia and the punch 
stroke S is enlarged according to the survey processing curve 230, the valuation function phi in 
the position of the fracture generating point 272 which a fracture generates in the blank 20 is 
searched for as phib. 

[0057]ln this embodiment, phia and phib which are obtained from this 1st valuation function phi 
are defined as the 1st valuation function data. 

[0058]And input-side membership function muphi for evaluating the fracture danger shown in 
drawing 5 (C) and drawing 6 (A) based on 1st valuation function data phia that was carried out in 
this way and calculated, and phib is generated, and the fracture later mentioned using this 
membership function muphi is evaluated. 

[005 9] Further, in order to raise the reliability of evaluation, it asks for differential value phi' of 
the 1st valuation function phi calculated in the 3rd step mentioned above as the 2nd valuation 
function, and asks for minimum phi'a and maximum phi'b of the differential value phi' further, and 
the 4th step of these are defined as the 2nd valuation function data. 

[OQ60]and — such — carrying out — having asked — the — two — a valuation function — data 
— phi'a — phi'b — being based — drawing 5 — ( — C — ) — drawing 6 — ( — B — ) — being 
shown — ■ a fracture — danger — evaluating — a sake — an input side — a membership 
function — mu — phi — ' — generating — this — using — a fracture — evaluation — carrying 
out > 

[0061]This danger increases, so that the valuation function phi becomes large, and a time of 
being in agreement with phib serves as the danger maximum. Conversely, when in agreement 
with phia, danger serves as the minimum, 

[0062]Punch speed under processing means whether it is changing in which direction of a 
direction with high fracture danger (the direction of phib), or a low direction (the direction of 
phia), differential-components phi* of phi becomes the danger maximum when phi' is in agreement 
with phib', and a time of being in agreement with phia' serves as the danger minimum. 
[0063]This embodiment can estimate more correctly the danger of a fracture of the blank 20 at 
the time of real working by performing evaluation which combined the membership function 
shown in these drawing 6 (A) (or drawing 5 (OX and the membership function shown in drawing 6 
(B) (or drawing 5 (O). 

[0064]ln order to make an understanding easy, a membership function is illustrated, respectively 
to drawing 5 (C), drawing 6 and drawing 7 (A), and drawing 8 , but these contents are 
fundamentally the same. 

[0065]the 5th step — above — the 1- the ideal processing curve 200 for which it asked in the 
4th step, and the 1st valuation function phi. The 1st valuation function data showing minimum 
phia and maximum phib, the 2nd valuation function phi\ Data for generating each membership 
function muphi and muphi' from the 2nd valuation function data as for which minimum phi'a 
reaches and that expresses maximum ph'fb, these [ 1st ], and the 2nd valuation function data as 
basic data for fuzzy control, It memorizes to the memory measure 40 which is related with 
classification and processing conditions of the blank 20, is put in a database, and is shown in 
drawing 2 . 

[0066]As mentioned above, the database built based on the data which was carried out in this 
way, and for which carried out by repeating processing of the 1st - the 5th phase, changed the 
processing conditions and asked for the basic data for fuzzy control every blank 20 of various 
materials, and it asked is beforehand memorized to the memory measure 40. 
[0067]The fuzzy rule of inference for feeding back the diaphragm speed V of the punch 14 is 
explained using the basic data for fuzzy control matched for every classification of a (fuzzy rule 
of inference), next the blank 20 for which it asked as mentioned above, and processing 
conditions at the time of actual processing. 



http://ww^4.ipdl.mpit.gojp/cg^ 2011/04/13 



04/13/2011 WED 16:36 [TX/RX NO 7144] ®016 



04/13/2011 16:30 FAX 212 953 7201 DORSEV S WHITNEY THREE 

JP,2002-263742,A [DETAILED DESCRIPTION] 



12)017/073 
7/10 V 



[0068]The basic data for fuzzy control matched with the classification and processing conditions 
of the blank 20 which are actually processed is read from the database memorized by the 1st 
step memory measure 40. drawing 7 — (— A — ) — ( — drawing 6 — (— A — ) — (— B ) ) 

— being shown — the — one — a valuation function — being based — a membership function 

— mu — phi — the — two — a valuation function — being based — an input side — a 
membership function — mu — phi — ' — preparing . 

[0069]As shown in drawing 1 according to the processing conditions, when actually carrying out 
spinning of the 2nd step blank 20, real-time measurement of the amount r of drawing in of the 
punch stroke S shown in drawing 4 (A) and the blank 20 is carried out. 

[0070]And the punch stroke S on the ideal processing curve 200 which calculated the amount r 
of drawing in, and radius R p to deltaDR*=r/R p of the punch 14, and was matched with this 

operation value deltaDR* It asks for the deviation phi with the punch stroke S obtained by 
survey as the 1st actual time evaluation data. 

[0071]It asks for differential value phi' of this 1st actual-time-evaluation-data phi as the 2nd 
actual time evaluation data, 

[0072]the — three — a step — drawing 7 — (— B — ) — **** — such — carrying out — 
having asked — actual time evaluation data — phi — phi — ' — from — a punch — a 
diaphragm — speed — V — variation — delta — V — presuming — If-then — a rule — being 
shown — having — **** . 

[0073]ln drawing 7 (B). left-hand side if (phi, phi') expresses an input condition of this fuzzy rule 
of inference, right-hand side then (deltaV) expresses that output, and that value is specifically 
reflected in an output of a membership function for output controls of drawing 7 (CX 
[0074]For example, a case where it is phi and phi T as the 1st and 2nd actual time evaluation data 
called for by survey shows to drawing 8 is assumed. In this case, area of an input-side 
membership function of an if-then rule shown in drawing 7 (B) is determined. As shown in 
drawing 8 , specifically, area of a triangle of 300-1 of actual-time-evaluation-data phi. input-side 
membership function muphi specified by phi', and muphi'. 300-2, 300-3, and 300-4 is determined 

as A phiL- A phiS' A phiV and A phi'S' 

[0075]The area of the 4th step, next each partial fuzzy set (A phiL , A phiV A phiS , A phrs ) which is 
the area of three square shapes each determined as mentioned above is computed, and 
according to an if-then rule, as shown in drawing 9 . it substitutes for the membership function 
for output-value determination. 

[0076]That is, the area of the input-side membership function shown in drawing 8 is substituted 
for the output side membership function shown in drawing 9 . In drawing 9 , the substitution area 
of deltaV LL of the membership function for output-value determination, delta V LS , deltaV SL , and 
delta V ss serves as a field shown by 400H, 400-2, 400-3, and 400-4. 

[0077]The area of these each field 400-1. 400-2. 400-3, and 400-4 is A UL , A LS , A SL , and A ss . 
[OQ78]Specifically, it is expressed with the following formulas. 

A LL=VL + \hiX A LS=\hiL + \hi-S A SL^hi S +A phi'L A ss= A phi S +A phrs[0079]N e xt, it asks for control 

value deltaV of punch speed with a method of elastic center from the partial fuzzy set (area of 
the area 400-1 to 400-4) substituted for the membership function for output-value 
determination. 

[0080] According to this embodiment, the area a and the center of gravity g of each area 400-1 
to 400-4 of the membership function for output-value determination shown in drawing 9 are 
searched for, and it asks for the centroid position of this area 400 by an operation as variable 
quantity deltaV of the speed V by which feedback control is carried out based on a following 
formula. 

[0081]delta V=sigma a n g n /sigmaa n (sigmaa n =A LL **A LS **A SL **A ss ) 

[0082]The area of the field where a n divided arbitrarily the partial fuzzy set of the membership 
function for output-value determination, and g n show the center of gravity of the field. 



http://www4.ipdl . inpitgo jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3 A%2F%2Fww. . . 2011 /04/1 3 

04/13/2011 WED 16:36 [TX/RX NO 7144] @]017 



04/13/2011 16:30 FAX 212 953 7201 DORSE Y & WHITNEY THREE 

JP,2002-263742,A [DETAILED DESCRIPTION] 



@ 018/073 
8/10 v 



[0083]deltaV which was carried out in this way and for which it asked the 5th step expresses the 
variation for obtaining the optimal punch diaphragm speed V that does not cause a fracture, 
while actually carrying out deep drawing of the blank 20. 

[0084]Therefore, deep drawing can be efficiently done at the optimal speed, without generating a 
fracture, as drawing 3 shown in 1 20 by carrying out feedback control of the diaphragm speed of 
the punch 14 only for variation delta V minutes by which did in this way and fuzzy reasoning was 
carried out in real time. 

[0085] Also [ in the fracture marginal area 100 on the analysis which was not able to be used in 
particular by the constant speed control of the conventional punch 6peed ], according to this 
embodiment it becomes possible to perform deep drawing of the blank 20, without generating a 
fracture. 

[0086]As this shows drawing 6 (A) and (B) mentioned above, only not only in phi as actual time 
evaluation data which expresses danger of a fracture during actual processing, It originates in 
generating an input-side membership function using this differential value phi', also presuming a 
trend of danger of a fracture, and adopting the technique of determining feedback amount deltaV 
of punch speed. By this, when the punch speed V is set as a fixed value, punch speed in the 
fracture marginal area 100 on cut nothing profitable analysis can be realized, and the productivity 
of spinning can be improved compared with the former, 

[0087](3) A functional block diagram of composition for carrying out feedback control of the 
diaphragm speed V of a punch is shown in configuration block figure drawing 2 of an important 
section of a press machine using a principle mentioned above. 

[008B]The press machine of this embodiment is constituted including the sensor group 60 which 
performs the Measurement Division in various portions, the actuator group 70 which drives 
various portions, the control means 50, and the memory measure 40. 

[0089]Said sensor group 60 is constituted including the punch stroke sensor 60a, the punch 
velocity sensor 60b, the blank holder power sensor 60c. the amount sensor 60d of drawing in, 
and other sensors. 

[0090]As the punch stroke sensor 60a is shown in drawing 4 (A), the stroke S which is the 
movement magnitude from the initial position of the punch 14 is detected, and the punch velocity 
sensor 60b is constituted so that descent and climbing speed of the punch 14, especially the 
diaphragm speed V of the punch at the time of real working may be measured. 
[0091 ]The blank holder power sensor 60c measures the blank holder power H of holding the 
blank 20 between the dies 10. and the blank holder 30 the amount sensor 60d of drawing ih T 
Drawing 1 (A) In a series of spinning processes shown in - (C), for what distance the blank 20 
was drawn by the spinning of the punch 14 from the initial position of the state before 
processing shown in drawing 1 (A) draws, and the quantity r is measured. As shown in drawing 4 
(A), specifically, real-time measurement of the amount r of drawing in from the state before 
processing is carried out. 

[0092]The actuator group 70 is constituted including two or more actuators which drive each 
part of a press machine, and specifically, it is constituted so that generating of the blank holder 
power H by the blank holder 30, a rise of the punch 14, descent, the speed control accompanying 
,this, and the drive of other various kinds may be performed. 

[0093]As mentioned above, in the memory measure 40, the basic data for fuzzy control created 
for every classification of the blank 20 which is a machining object and processing conditions 
puts in a database, and is memorized. 

[0094]The control means 50 reads the basic data for fuzzy control which suits the classification 
and processing conditions of the blank 20 concerned from the database memorized by the 
memory measure 40 at the time of the spinning of the actual blank 20, Feedback control is 
carried out in accordance with the technique of the fuzzy reasoning which mentioned above the 
diaphragm speed V of the punch 14 based on the amount r of drawing in of this read basic data 
for fuzzy control, the punch stroke S by which real-time measurement ie carried out by said 
sensors 60a and 60d, and the blank 20. 

[0095]For this reason, the control means 50 of this embodiment is constituted so that it may 
function as the basic data specifying means 52, the actuaHtime-evaluation-data calculating 
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means 54, and the feedback control means 56. 

[0096]An operation flow chart of spinning equipment of this embodiment is shown in drawing 1 0 . 
[0097]As shown in drawing 1 using a press machine of this embodiment, in carrying out spinning 
of the blank 20, First, while an operator specifies classification (for example, material) of the 
blank 20 which serves as a machining object in advance of processing (ST10), processing 
conditions of the blank 20 concerned are specified (ST11). 

[0098]Such classification and an input of processing conditions may be displayed as a selection 
picture on a display, and they may constitute an operator, for example so that it may carry out 
by choosing this on a screen suitably. 

[0099]If classification and processing conditions of the blank 20 are inputted, the control means 
50 will function as the basic data specifying means 52, and will read basic data for fuzzy control 
which suited these classification and processing conditions from a database of the memory 
measure 40 (ST12). 

[01 00] After such a series of processings are completed, the control means 50, Movement for 
spinning of the punch 14 is made to start (ST13), fuzzy reasoning is performed (ST15), and they 
are repeatedly performed until it judges a series of processings in which feedback control of the 
diaphragm speed V of the punch 14 is carried out (ST16) to be the ends of processing by ST14. 
[0101]And when it is judged as an end of processing, the punch 14 is suspended (ST17), rise 
evacuation of the punch is carried out after that (ST18), and when it returns to a predetermined 
reference position, a series of spinning is ended. 

[0102]ln here, it functions as the feedback control means 56, and the control means 50 performs 
processing of a series of said ST13, ST16, and ST17 grade by driving the actuator group 70. 
[Q103] Drawing 1 1 expresses details of fuzzy reasoning of ST15 mentioned above. 
[0104]This processing of a series of is performed when the control means 50 functions as the 
actual-time-evaluation-data calculating means 54 and the feedback control means 56. 
[Q1Q5]First, the punch stroke S and real-time measured value of the amount r of drawing in of 
the blank 20 are acquired from the sensors 60a and 60d (ST30), and 1st and 2nd actuaHtime- 
evaluation-data phi and phi* is computed from a deviation of the ideal processing curve 200 and 
data measuring (ST31). And it asks for area A phiL of a partial fuzzy set of an input-side 

membership function, A phjS , A phj , L , and A phj , s , using actual-time-evaluation-data phi and phi' as 
an input value of membership function muphi of an input side, and muphi' (ST32). 
[0106]And a judging process based on an if-then rule shown in drawing 7 (B) is performed 
(ST33), Processing which substitutes for an output side membership function area (A phlL , A ph ..^, 

A phjS , A phjl g) of each partial fuz2y set of an input-side membership function mentioned above 

according to this judgment rule as shown in drawing 9 is performed (ST34). 

[01 07] And the centroid position G of the substitution area 400 of the membership function for 

output-value determination shown in drawing 9 is pinpointed, and it asks for deviation deltaV of 

this centroid position G and reference position as variation deltaV of punch speed (ST35). 

[0108]ln ST16 shown in drawing 1 0 . feedback control is performed so that only the variation 

deltaV which carried out diaphragm speed V of the punch in this way, and asked for it may be 

changed. 

(Verification of this embodiment) 

[0109]Next, the verification experiment of the result at the time of performing deep drawing with 

the application of this embodiment was conducted. The details are explained below. 

[0110]The outline of the processing equipment used for this experiment is shown in drawing 12 

(A), and the size data of the equipment used for the experiment is shown in the figure (B). 

[01 1 1]Here, a cold rolled steel plate of 0.7 mm of board thickness was used as the blank 20. 

[01 12]The mechanical property of this steel plate is shown in drawing 13 , 

[01 13]A contraction ratio showing a size of the blank 20 was set to 2.58. Lubricant applied dry 

type fluoride lubricant of a spray type which cannot be easily influenced by speed. 

[01 14] Drawing 3 expresses data measuring at the time of carrying out feedback control of the 

punch diaphragm speed V using the technique of fuzzy control of this embodiment in a basis of 



http://ww4,ipdl.inpit.go.jp^^ 201 1/04/13 

04/13/2011 WED 16:36 [TX/RX NO 7144] g)019 



04/13/2011 18:31 FAX 212 953 7201 DORSEY & WHITNEY THREE 

JP,2O02-263742,A [DETAILED DESCRIPTION] 



12)020/073 

10/10 <<— 



such an experimental condition. 120 in a figure is the data measuring at this time* 
[0l15]The punch speed V by which feedback control is carried out. Speed at the time of a 
processing start was low, in early stages of processing, speed increased to 130 mm/min rapidly, 
and exceeded condition 150 mm/min fractured with constant speed from the middle of 
processing to the second half, it increased up to about 330 mm/min, and spinning was 
successful. 

[0116]Distortion of the minimum board thickness in a punch mold part of a deep-drawing 
container formed by experiment is shown in drawing 14 . Compared with measured value at the 
time of carrying out deep drawing of the punch diaphragm speed as constant value of 150 
mm/min and 125 mm/min, like this embodiment so that this experimental result may also show, 
When variable speed control of the punch diaphragm speed was carried out by feedback control, 
being improved so that the distortion may become small substantially was checked. 
[0117]Contrast with floor to floor time at the time of carrying out deep drawing of the punch 
diaphragm speed V with constant speed of 125 mm/min and floor to floor time at the time of 
carrying out feedback control and carrying out variable speed control like this embodiment, using 
the technique of fuzzy reasoning, is shown in drawing 15 . It was checked that the floor to floor 
time had been substantially shortened from the figure compared with a case where a way of 
variable speed control of this embodiment carries out deep drawing by floor to floor time of 
constant speed. In this experiment, it was checked that floor to floor time has specifically been 
shortened 22%. 

[01 18] As mentioned above, it was checked by using a system of this embodiment and carrying 
out the fuzzy adaptive control of the working speed of a punch at the time of deep drawing that 
product precision is raised and shortening of floor to floor time can be aimed at. 
[0119]Thi6 invention is not limited to said embodiment and various kinds of modification 
implementation is possible for it within the limits of a summary of this invention. 
[0120]For example, the blank holder power H of a blank holder of receiving blank may be applied 
to one of the processing conditions, and two or more basic data for fuzzy control at the time of 
changing this blank holder power may be prepared beforehand, and it may constitute so that this 
may be put in a database and it may memorize to a memory measure. 

[0121]Even when carrying out variable speed control of the diaphragm speed of a punch to the 
same blank by this, changing blank holder power, it becomes possible to carry out feedback 
control of the value to more nearly optimal value. 

[01 22] Although said embodiment explained taking the case of a case where a control means is 
formed as hardware, This invention use6 not only this but a computer general-purpose as a 
control means, A program for operating this computer as said control means, A program for 
making it specifically function as means, such as a basic data specifying means, an actual-time- 
evaluation-data calculating means, and a feedback control means, is memorized to a storage, and 
it may constitute so that a computer may be operated as a control means based on this 
program. 

[0l23]In this case, the database memorized by the memory measure may be formed so that it 
may store in a memory measure which may form so that it may store in the same memory 
measure as a program, and is different, respectively. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1l The figure (A) - (C) is an outline operation explanatory view of the important section 
of the press-working-of~sheet-metal machine which performs a series of deep drawing. 
[Drawing 2] lt is a functional block diagram of the control mechanism of the punch diaphragm 
speed in the press machine of this embodiment. 

[Drawing 3] It is an explanatory view showing the relation between flange end percentage 
reduction and punch speed. 

[Drawing 4l The figure (A) is an explanatory view of the blank amount of drawing in at the time of 
deep drawing. 

The figure (B) is an explanatory view of the relation between flange end percentage reduction 
and a punch stroke. 

[Drawing 5] The figure (A) is an explanatory view showing the relation between an ideal curve and 
a survey processing curve. 

The figure (B) is an explanatory view of the maximum of a valuation function, and the minimum. 

[Drawing 6] It is an explanatory view of an input-side membership function. 

[Drawing 7] The figure (A) is an explanatory view of an input-side membership function. 

The figure (B) is an explanatory view of the if-then rule of fuzzy reasoning, and the figure (C) is 

an explanatory view of an output side membership function. 

[Drawing 8] It is an explanatory view of the input-side membership function by which the fracture 
danger at the time of inputting real evaluation data is evaluated, 

[Drawing 9l lt is the explanatory view of the output side membership function by which fracture 
danger is evaluated which substituted the area of the input-side membership function. 
[Drawing 10] It is a flow chart figure showing an example of operation of the press device of this 
embodiment. 

[Drawing IJJ It is an operation flow chart figure of the fuzzy reasoning of this embodiment. 
[Drawing 12] They are a press machine used for an experiment, and an explanatory view of the 
size. 

[Drawing 13] lt is an explanatory view of a blank material property value used for an experiment. 
[Drawing 14j tt is an explanatory view of the actual measurement of the minimum board thickness 
distortion at the time of deep drawing 

[Drawing 15] It is a comparison explanatory view of the floor to floor time at the time of 
controlling punch speed by the case where variable speed control is carried out, and constant 
speed. 

[Explanations of letters or numerals] 

10 Die 

14 Punch 

20 Blank 

30 Blank holder 
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40 Memory measure 

50 Control means 

60 Sensor group 

70 Actuator group 

200 Ideal processing curve 

230 Survey processing curve 
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©$#77^-&"frfo|5I®iA.i , A., , A, i , 
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©rueaiiMiiiflas* 1 , -fciiiawiinxNHwwsttOtti 

XLfc^CJt^ *C)7jnXH*fflAWIfc®&l*ftftu 
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